An acoustical study was conducted on captive killer whales (Orcinus orca) to determine if individuals or groups differed in their vocalizations. Twenty-one different underwater vocalization categories produced by 13 animals were recorded within a 40 Hz to 20 kHz bandwidth. Eight acoustical variables (starting and ending frequencies of the signal, duration, harmonic interval, starting and ending frequencies of the fundamentals, and low and high concentration of energy) were measured for each vocalization. MULTIVARIATE DISCRIMINANT analysis was used to determine whether individual, oceanarium, or sexual differences were detectable in their vocalizations. Results showed distinct acoustical groupings by individuals, by oceanariums, and by sex.
. In the direct method, the eight acoustical variables were entered into the analysis concurrently. The discriminant functions were created directly from the entire set of variables. In the stepwise method, the variables were selected for entry in order of their discriminating power using the Rao's V method for the selection of the variables to be included in the discriminant (Nie etal., 1975) . A variable was included only if its partial multivariate F ratio was larger than a specified value { = 1.0).
II. RESULTS

A. Sound types
We classified the different sounds produced by the captive killer whales into 21 different types. Some whales produced all 21 sound types; however, 1 1 appeared with greater frequency than the others. All the sounds were readily assigned by ear to a particular type and could be identified consistently by other people even though spectrograms revealed considerable variation within each sound type. The 11 major sound types are listed and described below. The 
Creak
Creaks were characterized by a rapid series of broadband pulses with energy distributed between 570 and 7160 Hz, but concentrated between 1390 and 4068 Hz (Fig. 3) . Creaks averaged 2.3 s in duration. Pulse repetition rate could not be determined from the spectrograms due to the sampling rate of the analysis equipment. Therefore these modulation rates probably fell within the uncertainty window of the equipment, which we estimate to be somewhere between 10 and 100 Hz. Creaks were heard most often from Sea World's animals and were also heard at Sealand and from one animal at Marineworld. A total of 300 creaks were analyzed.
FIG. 6. Sample spectrogram of a tone (50 ms per line).
Hz) in frequency with time was measured (Fig. 4) . The variable frequency modulation within the whine was not included in the analysis. The average starting fundamental frequency of 1435 Hz was slightly higher than that of the upscream, but the ending frequency of the fundamental was only 1470 Hz. Duration averaged 1.2 s. The average pulserepetition rate was 1200 per second. Maximum energy was concentrated between 3450 and 4417 Hz. Three-hundred whines were recorded from six animals.
Whistle
Whistles were the only phonations that were not composed of pUlse-modulated signals (Fig. 5) . The frequency range was higher than in the other sound types with a mean minimum frequency of 4268 Hz and a mean maximum frequency of 6608 Hz. The overall average frequency was 5000 Hz. Whistle duration averaged 2.3 s, which was longer than other sound types investigated. Seven animals produced 200 whistles.
Tones
This pulse-modulated sound was distinguished from upscream, downscreams, and whines by much less frequency modulation (Fig. 6) . The average fundamental began and ended at 1344 Hz. The mean modulation frequency was 1072 Hz. Duration averaged 1.5 s. Typically, the second or third harmonic was stressed. Three-hundred fifty tones were recorded from seven whales.
Buzz
Typical buzzes were short, averaging 658 ms (Fig. 7) . The average energy bandwidth of buzzes contained frequencies between 1390 and 9136 Hz, but most energy was concentrated between 3000 and 6150 Hz. The high pulse repetition rate could not be determined from the spectrograms. This unusual term for a sound type resulted from its unmistakable resemblance to a ricocheting bullet. To the human ear, a ricochet gave the impression ooebeing a composite of two sounds (Fig. 8) the beginning than at the end of a ricochet. Duration was short, averaging 703 ms. Two-hundred ricochets were recorded from four whales {Marineland and Marineworld).
Click burst
Click bursts were composed of a rapid and repetitive series of pulses (Fig. 9} . The average duration of a series of click bursts was 3.8 s. Although usually produced at a high repetition rate, at times this rate was slow enough to resolve individual pulses (3-4 per second}. Click bursts contained substantial energy at frequencies as low as 100 Hz and extended above 10 kHz. Analaysis with a frequency window of 0 Hz to 20 kHz resulted in considerable energy in these signals up to the limitations of our equipment {19 kHz}. Click bunts were recorded from eight whales which provided a total of 400 records.
Chattot
Chatter also consisted of a rapid series of broadband pulses (Fig. 10) . The mean minimum and maximum frequencies were 340 and 9000 Hz, respectively. Average duration was 2 s. Pulse repetition rate could not be calculated from the displays. Three-hundred chatters were recorded from six whales.
Seesaw
This should swept rapidly upward and then downward (Fig. 11) . The mean starting frequency of the fundamental was 809 Hz and the mean ending frequency was 718 Hz. Average duration was 851 ms. Strong harmonics were evident in seesaws. The mean repetition rate, derived from the harmonic interval, was 595 per second. Typically, the second and third harmonics were stressed. Seesaws were recorded from three animals at Sea Word, with a total of 150 usable records.
B. Occurrence of two sounds emitted simultaneously
On several occasions, clicks and frequency-modulated whistles or amplitude-modulated sounds were emitted simultaneously by one individual. Clicks and whistles, slowed down eight times, are displayed in Fig. 12 . Two different amplitude-modulated pulse trains apparently can be produced simultaneously as evidenced by the sonogram in Fig. 13.
C. Multivariate discriminant analysis
Comparison of similar sound types revealed significant acoustical differences among individuals. How accurately repetitions of an individual's sounds were classified (by the computer) varied with sound type, ranging from 100% for creaks to 41.3% for whistles (Table I) . This is illustrated in the plots of the first two discriminant scores for individual animals for three of the major sound types (Figs. 14-16 ). For each sound type, some, but not all, whales were perfectly matched to all repetitions of their vocalizations (Table II) . When the computer misclassified a voealization from an individual, the misclassified sound was usually placed with an animal maintained at the same oceanarium.
Animals could be grouped acoustically by oceanarium with 47.4% (creak) to 92.7% (ricochet) accuracy, but separation ofoceanarium by creaks was not statistically significant, p > 0.05 (Table III) . A plot for downscreams by oceanarium is shown in Fig. 17 . When a vocalization for a specific oceanarium was misclassified, the following pattern emerged. The fact that the trained human ear and statistical techniques can recognize individual whales from the sounds they produce means that these whales almost certainly can recognize each other's sounds. Individual Orcinus can apparently be identified by most of the sounds they product but our analysis suggests that some sound types are better predictors than others. For example, the "whistle" did not appear to differentiate animals well.
When discriminant analysis misclassified an individual, the miselassified sound was usually placed with an animal maintained at the same oceanarium. Although we used extreme care to note which animal was making a sound, we might have erred occasionally. This would decrease the apparent accuracy of the technique we used for individual dis- 
